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(57) ABSTRACT

An object of the invention is to provide a separator for a
nonaqueous secondary battery, which has good adhesion to
electrodes and is also capable of ensuring sufficient ion per-
meability even after attachment to electrodes. The separator
for a nonaqueous secondary battery of the invention includes
aporous substrate and an adhesive porous layer that is formed
on at least one side of the porous substrate and contains a
polyvinylidene-fluoride-based resin. The separator for a non-
aqueous secondary battery is characterized in that the adhe-
sive porous layer has a crystal size of 1 to 13 nm.
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SEPARATOR FOR NONAQUEOUS
SECONDARY BATTERY, AND NONAQUEOUS
SECONDARY BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2011/074257 filed Oct. 21, 2011, the con-
tents of which are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present invention relates to a separator for a nonaque-
ous secondary battery and also to a nonaqueous secondary
battery.

BACKGROUND ART

Nonaqueous secondary batteries, such as lithium ion sec-
ondary batteries, have been widely used as power supplies for
portable electronic devices such as laptop computers, mobile
phones, digital cameras, and camcorders. Further, these bat-
teries are characterized by having high energy density, and
thus the application to automobiles and the like has also been
studied in recent years.

With the reduction in size and weight of portable electronic
devices, the outer casing of a nonaqueous secondary battery
has been simplified. At first, a battery can made of stainless
steel was used as an outer casing, and then an outer casing
made of an aluminum can was developed. Further, a soft pack
outer casing made of an aluminum laminate pack has also
been developed nowadays. In the case of a soft pack outer
casing made of an aluminum laminate, because such an outer
casing is soft, a space may be formed between an electrode
and a separator during charging and discharging, causing a
technical problem in that the cycle life is reduced. In terms of
solving this problem, a technique for attaching an electrode
and a separator together is important, and a large number of
technical proposals have been made.

As one of the proposals, a technique of using a separator
including a polyolefin microporous membrane, which is a
conventional separator, and a porous layer made of a polyvi-
nylidene-fluoride-based resin  (hereinafter sometimes
referred to as an adhesive porous layer) formed thereon is
known (see, e.g., Patent Document 1). When such an adhesive
porous layer with an electrolyte contained therein is stacked
on an electrode and heat-pressed, the electrode and the sepa-
rator can be well joined together, allowing the adhesive
porous layer to function as an adhesive. As a result, it is
possible to improve the cycle life of a soft pack battery.

In addition, in the case where a battery is produced using a
conventional metal can outer casing, electrodes and a sepa-
rator are stacked together and wound to produce a battery
element, and the element is enclosed in a metal can outer
casing together with an electrolyte, thereby producing a bat-
tery. Meanwhile, in the case where a soft pack battery is
produced using a separator like the separator of Patent Docu-
ment 1 mentioned above, a battery element is produced in the
same manner as for the battery having a metal can outer
casing mentioned above, then enclosed in a soft pack outer
casing together with an electrolyte, and finally subjected to a
heat pressing process, thereby producing a battery. Thus, in
the case where a separator including an adhesive porous layer
as mentioned above is used, it is possible to produce a battery
element in the same manner as in the battery having a metal
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can outer casing mentioned above. This is advantageous in
that there is no need to greatly change the production process
for conventional batteries having a metal can outer casing.
Against the background mentioned above, various techni-
cal proposals have been made in the past for separators made
of a polyolefin microporous membrane and an adhesive
porous layer stacked thereon. For example, in terms of
achieving both the ensuring of sufficient adhesion and ion
permeability, Patent Document 1 presents a new technical
proposal focusing on the porous structure and thickness of a
polyvinylidene-fluoride-based resin layer.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent No. 4127989

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

Incidentally, the positive electrode or negative electrode of
an ordinary nonaqueous secondary battery includes a current
collector and an active material layer that is formed on the
current collector and contains an electrode active material and
a binder resin. In the case where the adhesive porous layer
mentioned above is joined to such an electrode by heat press-
ing, the layer adheres to the binder resin in the electrode.
Therefore, in order to ensure better adhesion, the larger the
amount of the binder resin in the electrode, the better.

However, in order to further increase the energy density of
a battery, it is necessary to increase the content of the active
material in the electrode, and the lower the binder resin con-
tent, the better. Therefore, according to the prior art, in order
to ensure sufficient adhesion, it has been necessary to perform
heat pressing under severe conditions, such as higher tem-
peratures and higher pressures. Further, according to the prior
art, in the case where heat pressing is performed under such
severe conditions, there is a problem in that the porous struc-
ture of the adhesive porous layer made of a polyvinylidene-
fluoride-based resin is destroyed. This results in insufficient
ion permeability after the heat pressing process, and it thus
has been difficult to obtain good battery characteristics.

In addition, although a polyvinylidene-fluoride-based
resin has been commonly used as a binder resin for use in an
electrode, in recent years, it is also becoming common to use
styrene-butadiene rubber. In the case where such styrene-
butadiene rubber is used in an electrode, when the separator
has a conventional adhesive porous layer, it has been difficult
to obtain sufficient battery characteristics achieving both ion
permeability and adhesion.

Against such a background, an object of the invention is to
provide a separator for a nonaqueous secondary battery,
which has better adhesion to electrodes compared with the
prior art and is also capable of ensuring sufficient ion perme-
ability even after attachment to an electrode.

Means for Solving the Problems

In order to solve the problems mentioned above, the inven-
tion is configured as follows.
1. A separator for a nonaqueous secondary battery, including
aporous substrate and an adhesive porous layer that is formed
on at least one side of the porous substrate and contains a
polyvinylidene-fluoride-based resin,
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the separator for a nonaqueous secondary battery being
characterized in that the adhesive porous layer has a crystal
size of 1 nm or more and 13 nm or less.
2. The separator for a nonaqueous secondary battery accord-
ing to 1 above, characterized in that the weight of the adhesive
porous layer formed on one side of the porous substrate is 0.5
g/m? or more and 1.5 g/m? or less.
3. The separator for a nonaqueous secondary battery accord-
ing to 1 or 2 above, characterized in that the adhesive porous
layer is formed on both front and back sides of the porous
substrate.
4. The separator for a nonaqueous secondary battery accord-
ing to 3 above, characterized in that the total weight of the
adhesive porous layers formed on both sides of the porous
substrate is 1.0 g/m?> or more and 3.0 g/m? or less, and the
difference between the weight of the adhesive porous layer on
one side and the weight of the adhesive porous layer on the
other side is 20% or less of the total weight.
5. The separator for a nonaqueous secondary battery accord-
ing to any one of 1 to 4 above, characterized in that the value
obtained by subtracting the Gurley value of the porous sub-
strate from the Gurley value of the separator for a nonaqueous
secondary battery with the adhesive porous layer formed
thereon is 300 sec/100 cc or less.
6. The separator for a nonaqueous secondary battery accord-
ing to any one of 1 to 5 above, characterized in that the porous
substrate is a polyolefin microporous membrane containing
polyethylene.
7. The separator for a nonaqueous secondary battery accord-
ing to any one of 1 to 5 above, characterized in that the porous
substrate is a polyolefin microporous membrane containing
polyethylene and polypropylene.
8. The separator for a nonaqueous secondary battery accord-
ing to 7 above, characterized in that the polyolefin
microporous membrane includes at least two layers with one
of'the two layers containing polyethylene and the other layer
containing polypropylene.
9. A nonaqueous secondary battery including the separator
according to any one of 1 to 8 above.

Advantage of the Invention

According to the invention, it is possible to provide a
separator for a nonaqueous secondary battery, which has bet-
ter adhesion to electrodes compared with the prior art and is
also capable of ensuring sufficient ion permeability even after
attachment to an electrode. The use of the separator of the
invention makes it possible to provide a high-energy-density,
high-performance nonaqueous secondary battery having an
aluminum laminate pack outer casing.

MODE FOR CARRYING OUT THE INVENTION

The separator for a nonaqueous secondary battery of the
invention includes a porous substrate and an adhesive porous
layer that is formed on at least one side of the porous substrate
and contains a polyvinylidene-fluoride-based resin. The sepa-
rator for a nonaqueous secondary battery is characterized in
that the adhesive porous layer has a crystal size of 1 nm or
more and 13 nm or less. Hereinafter, the invention will be
described in detail. Incidentally, a numerical range defined
by “...to...” hereinafter indicates a numerical range
including the upper limit and the lower limit.

[Porous Substrate]

In the invention, a porous substrate refers to a substrate
having pores or voids inside. Examples of such substrates
include a microporous membrane, a porous sheet made of a
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fibrous material, such as a nonwoven fabric or a paper-like
sheet, and a composite porous sheet made of such a
microporous membrane or porous sheet and one or more
other porous layers stacked thereon. Incidentally, a
microporous membrane refers to a membrane having a large
number of micropores inside, the micropores being con-
nected to allow gas or liquid to pass therethrough from one
side to the other side.

The material forming the porous substrate may be an elec-
trically insulating organic material or inorganic material. In
particular, in terms of imparting a shutdown function to the
substrate, it is preferable to use a thermoplastic resin as a
component of the substrate. Here, a shutdown function refers
to the following function: in the case where the battery tem-
perature increases, the thermoplastic resin melts and blocks
the pores of the porous substrate, thereby blocking the move-
ment of ions to prevent the thermal runaway of the battery. As
the thermoplastic resin, a thermoplastic resin having a melt-
ing point of less than 200° C. is suitable, and polyolefins are
particularly preferable.

As a porous substrate using a polyolefin, a polyolefin
microporous membrane is preferable. As the polyolefin
microporous membrane, it is possible to use a polyolefin
microporous membrane that has been applied to a conven-
tional nonaqueous secondary battery separator, which has
sufficient dynamic physical properties and ion permeability.
Further, in terms of having the shutdown function mentioned
above, it is preferable that the polyolefin microporous mem-
brane contains polyethylene, and it is preferable that the poly-
ethylene content is 95 wt % or more.

Separately, in terms of imparting heat resistance to such a
degree that the membrane does not easily break when
exposed to high temperatures, a polyolefin microporous
membrane containing polyethylene and polypropylene is
preferable. An example of such a polyolefin microporous
membrane is a microporous membrane in which both poly-
ethylene and polypropylene are present in one sheet. In terms
of achieving both the shutdown function and heat resistance,
it is preferable that the microporous membrane contains poly-
ethylene in an amount of 95 wt % or more and polypropylene
in an amount of 5 wt % or less. In addition, in terms of
achieving both the shutdown function and heat resistance, itis
also preferable that the polyolefin microporous membrane is
apolyolefin microporous membrane having a laminate struc-
ture, which includes at least two layers with one of the two
layers containing polyethylene and the other layer containing
polypropylene.

It is preferable that the polyolefin has a weight average
molecular weight of 100,000 to 5,000,000. When the weight
average molecular weight is less than 100,000, it may be
difficult to ensure sufficient dynamic physical properties.
Meanwhile, when it is more than 5,000,000, shutdown char-
acteristics may deteriorate, or it may be difficult to form a
membrane.

The polyolefin microporous membrane can be produced by
the following method, for example. That is, it is possible to
employ a method in which a microporous membrane is
formed by successively performing the following steps: (i) a
step of extruding a molten polyolefin resin from a T-die to
form a sheet, (ii) a step of subjecting the sheet to a crystalli-
zation treatment, (iii) a step of stretching the sheet, and (iv) a
step of heat-treating the sheet. In addition, it is also possible to
employ a method in which a microporous membrane is
formed by successively performing the following steps: (i) a
step of melting a polyolefin resin together with a plasticizer
such as liquid paraffin and extruding the melt from a T-die,
followed by cooling to form a sheet, (ii) a step of stretching
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the sheet, (iii) a step of extracting the plasticizer from the
sheet, and (iv) a step of heat-treating the sheet.

As a porous sheet made of a fibrous material, it is possible
to use a porous sheet made of a fibrous material containing a
polyester such as polyethylene terephthalate, a polyolefin
such as polyethylene or polypropylene, or a heat-resistant
polymer such as aromatic polyamide, polyimide, polyether-
sulfone, polysulfone, polyether ketone, or polyetherimide, or
a mixture of such fibrous materials.

A composite porous sheet may be configured to include a
microporous membrane or a porous sheet made of a fibrous
material and a functional layer stacked thereon. Such a com-
posite porous sheet is preferable because a further function
can be imparted by the functional layer. As a functional layer,
for example, in terms of imparting heat resistance, it is pos-
sible to use a porous layer made of a heat-resistant resin or a
porous layer made of a heat-resistant resin and an inorganic
filler. The heat-resistant resin may be one or more kinds of
heat-resistant polymers selected from aromatic polyamide,
polyimide, polyethersulfone, polysulfone, polyether ketone,
and polyetherimide. Examples of suitable inorganic fillers
include metal oxides such as alumina and metal hydroxides
such as magnesium hydroxide. Incidentally, examples of
techniques for forming a composite sheet include a method in
which a porous sheet is coated with a functional layer, a
method in which they are joined together using an adhesive,
and a method in which they are bonded together by thermo-
compression.

In the invention, in terms of obtaining good dynamic physi-
cal properties and internal resistance, it is preferable that the
porous substrate has a thickness within a range of 5 to 25 um.
Interms of preventing a short circuit in the battery and obtain-
ing sufficient ion permeability, it is preferable that the porous
substrate has a Gurley value (JIS P8117) within a range of 50
to 800 sec/100 cc. In terms of improving production yield, it
is preferable that the porous substrate has a puncture resis-
tance of 300 g or more.

[Polyvinylidene-Fluoride-Based Resin|

In the separator for a nonaqueous secondary battery of the
invention, it is preferable to use a polyvinylidene-fluoride-
based resin having a weight average molecular weight of
100,000 to 3,000,000. When a polyvinylidene-fluoride-based
resin having a weight average molecular weight of less than
100,000 is applied, this tends to result in low adhesion
strength to electrodes and thus is undesirable. In terms of
adhesion strength, the weight average molecular weight is
more preferably 500,000 or more. Meanwhile, when the
weight average molecular weight is more than 3,000,000, a
slurry containing the resin has high viscosity. As a result, it
may be difficult to form an adhesive porous layer, or it may be
impossible to form good crystals in the adhesive porous layer,
making it difficult to obtain a preferred porous structure.
Therefore, this is undesirable. In terms of such forming prop-
erties, the weight average molecular weight is more prefer-
ably 2,000,000 or less, and still more preferably 1,200,000 or
less. Here, the weight average molecular weight of a polyvi-
nylidene-fluoride-based resin can be determined by gel per-
meation chromatography (GPC method).

In the invention, as a polyvinylidene-fluoride-based resin,
a homopolymer of vinylidene fluoride (i.e., polyvinylidene
fluoride), a copolymer of vinylidene fluoride and another
copolymerizable monomer, or a mixture thereofis used. As a
monomer copolymerizable with vinylidene fluoride, for
example, it is possible to use one or more kinds of tetrafluo-
roethylene, hexafluoropropylene, trifluoroethylene, trichlo-
roethylene, vinyl fluoride, etc. It is preferable that the poly-
vinylidene-fluoride-based resin contains as a structural unit
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vinylidene fluoride in an amount of 70 mol % or more. Fur-
ther, in terms of ensuring sufficient dynamic physical prop-
erties during joining to an electrode, a polyvinylidene-fluo-
ride-based resin containing vinylidene fluoride in an amount
ot 98 mol % or more is preferable.

Such a polyvinylidene-fluoride-based resin having a rela-
tively high molecular weight can be obtained preferably by
emulsion polymerization or suspension polymerization, and
particularly preferably by suspension polymerization.
[Adhesive Porous Layer|

Inthe invention, the crystal structure of the adhesive porous
layer is an important technical factor. The crystal structure
has a crystal size within a range of 1 to 13 nm. Here, an
adhesive porous layer refers to a porous layer containing a
polyvinylidene-fluoride-based resin and having a large num-
ber of micropores inside, the micropores being connected to
allow gas or liquid to pass therethrough from one side to the
other side. The crystal size can be calculated from the Scher-
rer equation shown in the following equation (1) using the
Bragg angle and half-width of the peak at 26=20° obtained by
X-ray diffraction analysis.

D=KxNp cos 6 (€8]

D: Crystal size

K: Scherrer constant

A: X-ray wavelength

[: Half-width

0: Bragg angle of diffraction line

Inthe adhesive porous layer, the amorphous part is respon-
sible for adhesion, while pores are mainly responsible forion
permeability. In addition, the amorphous part also contributes
to ion permeability. The crystalline part functions to maintain
the structure during the heat pressing process or the like, but
also serves as a factor that inhibits adhesion and ion perme-
ability. In light of this, a structure in which crystals are finely
and uniformly distributed allows for uniform attachment,
whereby defects are reduced and good adhesion can be
ensured, and thus is preferable. Further, in the structure in
which crystals, which are a factor that inhibits the movement
of'ions, are finely and uniformly distributed, the movement of
ions during charging and discharging is also uniform, result-
ing in good cycle characteristics or load characteristics. For
this reason, the crystal size of the adhesive porous layer is
preferably 1 to 13 nm, and more preferably 3 to 10 nm. In
addition, when the crystal size is within such a range, the
porous structure of the adhesive porous layer can be well
maintained even after attachment to an electrode. Thus, the
battery characteristics can be prevented from deterioration
also in this respect. In addition, the invention is also greatly
advantageous in that when the crystal size of the adhesive
porous layer is within a range of 1 to 13 nm, good adhesion is
exhibited regardless of the kind of electrode binder resin or
electrolyte. According to such a separator, components of a
battery can be selected from a wider variety of choices and
combinations, making it possible to produce various non-
aqueous secondary batteries.

Incidentally, in terms of uniformity, it is preferable that the
crystal size is as small as possible. However, it is practically
difficult to form a porous structure of less than 1 nm, and, in
terms of the ease of formation, it is preferable that the crystal
size is 3 nm or more. Meanwhile, a crystal size of more than
13 nm leads to insufficient ion permeability after attachment
and also makes it difficult to achieve uniform adhesion,
resulting in the deterioration of battery characteristics. There-
fore, this is undesirable. From such a point of view, the crystal
size is more preferably 10 nm or less.
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Several techniques can be mentioned as examples of meth-
ods for controlling the crystal size of the adhesive porous
layer. For example, the temperature in a coagulation step for
forming an adhesive porous layer is one factor. A decrease in
this temperature tends to reduce the crystal size. In addition,
the selection of a polyvinylidene-fluoride-based resin is
another important factor. An increase in the molecular weight
of'the polyvinylidene-fluoride-based resin tends to reduce the
crystal size, and when a polyvinylidene-fluoride-based resin
having a weight average molecular weight of 500,000 or more
is used, the suitable crystal size of the invention can be
achieved relatively easily. In addition, the addition of a
copolymer component to polyvinylidene fluoride reduces the
crystal size. In terms of polymer structure, a polyvinylidene-
fluoride-based resin in which CF, and CH, are randomly
arranged has smaller crystal size, and such a polymer can be
obtained more easily by emulsion polymerization than by
suspension polymerization. In addition, a polyvinylidene-
fluoride-based resin having a developed branched structure
tends to have small crystal size, and one with wider molecular
weight distribution tends to have smaller crystal size. Further,
the composition of a coating liquid is another factor that
controls the crystal size, and a decrease in the amount of
phase-separation agent added to the coating liquid tends to
reduce the crystal size.

The above methods for controlling crystal size are methods
that suppress crystallization to inhibit the growth of crystal
size. Apart from such methods, it is also possible to employ a
technique in which a suitable nucleating agent is added to a
coating liquid to greatly promote the crystallization rate,
thereby inhibiting the growth of crystal size. Examples of
suitable nucleating agents include metal oxides such as alu-
mina and silica, metal hydroxides such as magnesium
hydroxide, and other inorganic fillers. Considering the
desired crystal size, it is preferable that the nucleating agent
has a particle diameter of 10 nm or less, more preferably 5 nm
or less. In the case of the configuration in which an inorganic
filler is added, a slurry containing the inorganic filler dis-
persed in a coating liquid may be used in the formation of the
adhesive porous layer. However, when an inorganic filler is
incorporated into the adhesive porous layer, the adhesion to
electrodes may decrease. Therefore, a configuration in which
no inorganic filler is contained in the adhesive porous layer is
preferable.

The controlling factors mentioned above are factors that
also affect the formation of a porous structure, so it is unde-
sirable to exert control only in terms of crystal size control.
That is, it is preferable to determine the conditions in terms of
both crystal size and porous structure. Naturally, the suitable
ranges of conditions, such as the coating liquid composition
and the coagulation temperature, vary depending on the resin
selected, and thus the preferred range of each condition can-
not be generally specified.

Incidentally, in the invention, for the purpose of improving
the slidability and heat resistance of the separator, it also
possible to incorporate a filler made of an inorganic substance
or organic substance or other additives into the adhesive
porous layer. In such a case, it is preferable that the contents
or particle sizes thereof are to such a degree that the effect of
the invention is not inhibited. Examples of usable inorganic
fillers include the metal oxides and metal hydroxides men-
tioned above. Examples of usable organic fillers include
acrylic resin.

[Separator for Nonaqueous Secondary Battery]

As mentioned above, the separator for a nonaqueous sec-
ondary battery of the invention includes a porous substrate
and an adhesive porous layer that is formed on at least one
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side of the porous substrate and contains a polyvinylidene-
fluoride-based resin. Here, the adhesive porous layer is an
adhesive layer to be attached, with an electrolyte contained
therein, to an electrode by heat pressing. Therefore, it is
necessary that the adhesive porous layer is present as the
outermost layer of the separator. Naturally, in terms of cycle
life, it is preferable that the separator is attached to both the
positive electrode and the negative electrode. Therefore, it is
preferable that the adhesive porous layer is formed on the
front and back of the porous substrate.

In the invention, in terms of ion permeability, it is prefer-
able that the adhesive porous layer has a structure that is
sufficiently porous. Specifically, it is preferable that the value
obtained by subtracting the Gurley value of the porous sub-
strate from the Gurley value of the separator for a nonaqueous
secondary battery with the adhesive porous layer formed
thereon is 300 sec/100 cc or less, more preferably 150 sec/100
cc or less, and still more preferably 100 sec/100 cc or less. In
the case where the difference is more than 300 sec/100 cc, the
adhesive porous layer may be so dense that ion permeation is
inhibited, whereby sufficient battery characteristics cannot be
obtained.

In terms of obtaining sufficient battery performance, it is
preferable that the separator for a nonaqueous secondary
battery of the invention has a Gurley value within a range of
50 sec/100 cc or more and 800 sec/100 cc or less.

In order for the effect of the invention and the dynamic
physical properties of the separator to be well obtained, a
suitable range of the porosity of the separator for a nonaque-
ous secondary battery is 30% or more and 60% or less.

It is preferable that the weight of the polyvinylidene-fluo-
ride-based resin is within a range of 0.5 to 1.5 g/m? on one
side. When the weight is less than 0.5 g/m?, the adhesion to
electrodes may be insufficient. Meanwhile, a weight of more
than 1.5 g/m? tends to inhibit ion permeability and deteriorate
the load characteristics of the battery, and thus is undesirable.
In the case where the porous layer made of a polyvinylidene-
fluoride-based resin is formed on both front and back sides, it
is preferable that the weight of the polyvinylidene-fluoride-
based resin is 1.0 to 3.0 g/m>.

In the invention, in the case where the adhesive porous
layer is formed on both sides of the porous substrate, the
difference between the weight on the front side and the weight
on the back side is also important. Specifically, itis preferable
that the total weight of the adhesive porous layers formed on
the front and back of the porous substrate is 1.0 to 3.0 g/m?,
and the difference between the weight of the adhesive porous
layer on one side and the weight of the adhesive porous layer
on the other side is 20% or less of the total weight. When the
difference is more than 20%, this may result in significant
curling, interfering with handling or deteriorating cycle char-
acteristics.

[Method for Producing Separator for Nonaqueous Secondary
Battery]

The separator for a nonaqueous secondary battery of the
invention mentioned above can be produced by a method in
which a solution containing a polyvinylidene-fluoride-based
resin is applied directly onto a porous substrate, and then the
polyvinylidene-fluoride-based resin is solidified to integrally
form an adhesive porous layer on the porous substrate.

Specifically, first, a polyvinylidene-fluoride-based resin is
dissolved in a solvent to prepare a coating liquid. The coating
liquid is applied onto a porous substrate, followed by immer-
sion in a suitable coagulation liquid. As a result, the polyvi-
nylidene-fluoride-based resin is solidified while inducing a
phase-separation phenomenon. In this step, the polyvi-
nylidene-fluoride-based resin layer has a porous structure.
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Subsequently, the porous substrate is washed with water to
remove the coagulation liquid, followed by drying to inte-
grally form an adhesive porous layer on the porous substrate.

For the coating liquid, a good solvent that dissolves the
polyvinylidene-fluoride-based resin can be used. Examples
of'suitable good solvents include polar amide solvents such as
N-methylpyrrolidone, dimethylacetamide, dimethylforma-
mide, and dimethylformamide. In terms of forming a good
porous structure, in addition to the good solvent, a phase-
separation agent that induces phase separation is preferably
mixed. Examples of phase-separation agents include water,
methanol, ethanol, propyl alcohol, butyl alcohol, butanediol,
ethylene glycol, propylene glycol, and tripropylene glycol. It
is preferable that such a phase-separation agent is added
within a range where viscosity suitable for coating can be
ensured. In addition, in the case where a filler or other addi-
tives are incorporated into the adhesive porous layer, they
may be mixed or dissolved into the coating liquid.

The composition of the coating liquid is preferably such
that the polyvinylidene-fluoride-based resin is contained at a
concentration of 3 to 10 wt %. In terms of forming a suitable
porous structure, it is preferable that the solvent is a mixed
solvent containing a good solvent in an amount of 60 wt % or
more and a phase-separation agent in an amount of 40 wt % or
less.

As the coagulation liquid, it is possible to use water, a
mixed solvent of water and the good solvent, or a mixed
solvent of water, the good solvent, and the phase-separation
agent. In particular, a mixed solvent of water, the good sol-
vent, and the phase-separation agent is preferable. In such a
case, in terms of productivity, it is preferable that the mixing
ratio between the good solvent and the phase-separation
agent is determined according to the mixing ratio of the mixed
solvent used for dissolving the polyvinylidene-fluoride-based
resin. In terms of forming a good porous structure and
improving productivity, it is preferable that the concentration
of'water is 40 to 90 wt %. In terms of controlling crystallinity,
it is preferable that the coagulation temperature is about —20
to 60° C.

For the application of the coating liquid to a porous sub-
strate, a conventional coating technique can be employed,
such as Mayer bar, die coater, reverse roll coater, or gravure
coater. In the case where the adhesive porous layer is formed
on both sides of the porous substrate, it is possible that the
coating liquid is applied to one side and then to the other,
coagulated, washed with water, and dried. However, in terms
of productivity, it is preferable that the coating liquid is
applied to both sides of the porous substrate simultaneously,
coagulated, washed with water, and dried.

Incidentally, in addition to the wet coating method men-
tioned above, the separator of the invention can also be pro-
duced by a dry coating method. Here, a dry coating method is
a method in which the coating liquid containing a polyvi-
nylidene-fluoride-based resin and a solvent is applied onto a
porous substrate and then dried to remove the solvent by
volatilization, thereby obtaining a porous membrane. How-
ever, in the case of a dry coating method, as compared with a
wet coating method, it is more likely that the resulting coating
is a dense membrane, and it is almost impossible to obtain a
porous layer unless a filler or the like is added to the coating
liquid. In addition, even when such a filler or the like is added,
it is difficult to obtain a good porous structure. Therefore,
from such a point of view, it is preferable to use a wet coating
method in the invention.

In addition, the separator of the invention can also be
produced by a method in which an adhesive porous layer and
a porous substrate are separately produced, and then these
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sheets are stacked together and combined by thermocompres-
sion bonding or using an adhesive, etc. The method for
obtaining an adhesive porous layer as an independent sheet
may be, for example, a method in which a coating liquid is
applied onto a release sheet, then an adhesive porous layer is
formed by the wet coating method or dry coating method
mentioned above, and only the adhesive porous layer is
peeled off.

[Nonaqueous Secondary Battery]|

The nonaqueous secondary battery of the invention is char-
acterized by using the separator of the invention mentioned
above.

In the invention, a nonaqueous secondary battery has a
configuration in which the separator is placed between a
positive electrode and a negative electrode, and these battery
elements are enclosed in an outer casing together with an
electrolyte. As the nonaqueous secondary battery, a lithium
ion secondary battery is preferable.

As the positive electrode, a configuration in which an elec-
trode layer made of a positive electrode active material, a
binder resin, and a conductive additive is formed on a positive
electrode current collector can be applied. Examples of posi-
tive electrode active materials include lithium cobalt oxide,
lithium nickel oxide, lithium manganese oxide having a
spinel structure, and lithium iron phosphate having an olivine
structure. In the invention, in the case where the adhesive
porous layer of the separator is placed on the positive-elec-
trode side, because of the excellent oxidation resistance of the
polyvinylidene-fluoride-based resin, there also is an advan-
tage in that a positive electrode active material that can be
operated at a high voltage of 4.2 V or more, such as LiMn,,
2Ni, ,0, or LiCo,,;Mn, ;Ni,; ;0,, can be easily applied.
Examples of binder resins include polyvinylidene-fluoride-
based resins. Examples of conductive additives include acety-
lene black, ketjen black, and graphite powder. Examples of
current collectors include an aluminum foil having a thick-
ness of 5 to 20 pm.

As the negative electrode, a configuration in which an
electrode layer made of a negative electrode active material
and a binder resin is formed on a negative electrode current
collector can be applied. A conductive additive may also be
added to the electrode layer as necessary. Examples of usable
negative electrode active materials are carbon materials
capable of electrochemically storing lithium, materials
capable of alloying with lithium, such as silicon and tin, and
the like. Examples of binder resins include polyvinylidene-
fluoride-based resins and styrene-butadiene rubber. The sepa-
rator for a nonaqueous secondary battery of the invention has
good adhesion. Therefore, sufficient adhesion can be ensured
not only when a polyvinylidene-fluoride-based resin is used
as a negative electrode binder, but also in the case of using
styrene-butadiene rubber. In addition, examples of conduc-
tive additives include acetylene black, ketjen black, and
graphite powder. Examples of current collectors include a
copper foil having a thickness of 5 to 20 um. In addition,
instead of the negative electrode mentioned above, a metal
lithium foil may also be used as a negative electrode.

The electrolyte has a configuration in which a lithium salt
is dissolved in a suitable solvent. Examples of lithium salts
include LiPFg, LiBF,, and LiClO,. Examples of suitable
solvents include cyclic carbonates such as ethylene carbon-
ate, propylene carbonate, fluoroethylene carbonate, and dif-
Iuoroethylene carbonate, open-chain carbonates such as dim-
ethyl carbonate, diethyl carbonate, ethyl methyl carbonate,
and fluorine substitution products thereof, cyclic esters such
as y-butyrolactone and y-valerolactone, and mixed solvents
thereof. In particular, a solvent obtained by dissolving a
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lithium salt in a solvent containing cyclic carbonate/open-
chain carbonate in a weight ratio of 20 to 40/80 to 60 at a
concentration of 0.5 to 1.5 M is preferable. Incidentally, in a
separator including a conventional adhesive porous layer,
depending on the kind of electrolyte used, adhesion to elec-
trodes is sometimes hardly exhibited. However, in the sepa-
rator of the invention, good adhesion can be exhibited regard-
less of the kind of electrolyte. The invention is also greatly
advantageous in this respect.

The separator for a nonaqueous secondary battery of the
invention is applicable to a battery having a metal can outer
casing. However, because of its good adhesion to electrodes,
the separator of the invention is suitable for use in a soft pack
battery having an aluminum laminate film outer casing. The
method for producing such a battery is as follows. The posi-
tive electrode and negative electrode mentioned above are
joined together via the separator, impregnated with an elec-
trolyte, enclosed in an aluminum laminate film, and then
heat-pressed, whereby a nonaqueous secondary battery can
be obtained. This configuration of the invention allows the
electrodes and the separator to be well attached together,
making it possible to obtain a nonaqueous secondary battery
having excellent cycle life. In addition, because of the good
adhesion between the electrodes and the separator, the battery
also has excellent safety. Examples of methods forjoining the
electrodes and the separator together include a stacking
method in which the electrodes and the separator are stacked
together and a method in which the electrodes and the sepa-
rator are wound together. The invention is applicable to any of
such methods.

EXAMPLES

Hereinafter, the invention will be described with reference
to examples. However, the invention is not limited to the
following examples.

[Measurement Method]
(Method for Measuring Crystal Size of Adhesive Porous
Layer)

A polyvinylidene-fluoride-based resin peeled oft from a
separator was used as a sample and measured for crystal size
by X-ray diffraction analysis. The measurement was per-
formed using “NANO-Viewer” (manufactured by Rigaku) at
25° C. by atransmission method. An imaging plate was used
for detection. The two-dimensional data obtained using the
imaging plate were converted into 20 profiles, and the region
at about 26=8 to 30° was curve-fitted (gauss function/Lorentz
function=50/50). With respect to the peak at about 26=20°
separated by curve fitting, the Bragg angle and half-width
were determined to calculate crystal size from the Scherrer
equation shown in the following equation (2).

D=KxNp cos 6 2)

D: Crystal size

K: Scherrer constant

A X-ray wavelength (CuKa, is used as the target, so
2=0.1542 nm)

[: Half-width

0: Bragg angle of diffraction line
(Method for Measuring Membrane Thickness)

Measurement was performed using a contact thickness
meter (LITEMATIC, manufactured by Mitutoyo). Using a
cylindrical measuring terminal having a diameter of 5 mm,
the thickness was measured with adjustment so that a load of
7 g was applied during the measurement.
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(Weight per Unit)

A 10 cmx10 cm sample was cut out and measured for
weight. The weight was divided by the area to determine the
weight per unit.

(Weight of Polyvinylidene-Fluoride-Based Resin)

Using an energy dispersion fluorescent X-ray analyzer
(EDX-800HS, Shimadzu), the weight of a polyvinylidene-
fluoride-based resin was measured from the intensity of the
FKa spectrum. In the measurement, the weight of the poly-
vinylidene-fluoride-based resin on the X-ray irradiated side is
measured. Therefore, in the case where a porous layer made
of a polyvinylidene-fluoride-based resin is formed on both
front and back sides, the front and back are each subjected to
the measurement. Thus, the weight of the polyvinylidene-
fluoride-based resin on each of the front and back sides is
measured, and the weights are summed to determine the total
weight on the front and back sides.

(Porosity)

The porosity € (%) of a complex separator was calculated

from the following equation 3.

e={1-(Wa/0.95+Wh/1.78)/1}x100 3)

Here, Wa is the weight per unit of a substrate (g/m?), Wb is
the weight of a polyvinylidene-fluoride-based resin (g/m?),
and t is the membrane thickness (um).

(Gurley Value)

Measurement was performed in accordance with JIS
P8117 using a Gurley densometer (G-B2C, manufactured by
Toyo Seiki Seisaku-Sho).

Example 1

KYNAR761 manufactured by ARKEM, polyvinylidene
fluoride, was used as a polyvinylidene-fluoride-based resin.
The polyvinylidene-fluoride-based resin was dissolved in a
mixed solvent containing dimethylacetamide/tripropylene
glycol in a weight ratio of 7/3 at a concentration of 6 wt % to
prepare a coating liquid. Equal amounts of the coating liquid
were applied respectively to both sides of a polyethylene
microporous membrane (TN0901, manufactured by SK) hav-
ing a thickness of' 9 um, a Gurley value of 160 sec/100 cc, and
a porosity of 43%, followed by immersion in a coagulation
liquid (20° C.) containing water/dimethylacetamide/tripro-
pylene glycol in a weight ratio of 57/30/13 to cause solidifi-
cation. The microporous membrane was then washed with
water, followed by drying to give a separator for a nonaque-
ous secondary battery according to the invention having an
adhesive porous layer made of a polyvinylidene-fluoride-
based resin on both front and back sides of the polyolefin-
based microporous membrane. The separator was measured
for the following properties: the crystal size of the adhesive
porous layer (the crystal size of the PVdF-based resin), the
thickness, weight per unit, and porosity of the separator, the
weight of the adhesive porous layer (the total weight on both
sides, the weight on the front side, the weight on the back side,
and the percentage of the difference between the weight on
the front side and the weight on the back side relative to the
total weight on both sides), and the Gurley value of the sepa-
rator. The results are shown in Table 1. Incidentally, the
results from the separators of the following examples and
comparative examples are also shown in Table 1.

Example 2
A separator for a nonaqueous secondary battery according

to the invention was obtained in the same manner as in
Example 1, except that a KF polymer W#1700 manufactured
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by Kureha Kagaku Kogyo, polyvinylidene fluoride, was used
as a polyvinylidene-fluoride-based resin, and that the tem-
perature of the coagulation liquid was 0° C.

Examples 3 to 6

Separators for a nonaqueous secondary battery according
to the invention were obtained using the same coating liquid,
the same polyethylene microporous membrane, and the same
method as in Example 1, except that only the amount applied
was changed as shown in Table 1.

Examples 7 and 8

Separators for a nonaqueous secondary battery according
to the invention were obtained using the same coating liquid,
the same polyethylene microporous membrane, and the same
method as in Example 1, except that only the amounts applied
to the front and back were changed as shown in Table 1.

Example 9

A separator for a nonaqueous secondary battery according
to the invention was obtained in the same manner as in
Example 1, except that a polyolefin microporous membrane
(M824, manufactured by Celgard) having a three-layer struc-
ture including polypropylene/polyethylene/polypropylene
with a thickness of 12 um, a Gurley value of 425 sec/100 cc,
and a porosity of 38% was used as a polyolefin microporous
membrane.

Example 10

KYNAR761 manufactured by ARKEM, polyvinylidene
fluoride, was used as a polyvinylidene-fluoride-based resin.
The polyvinylidene-fluoride-based resin was dissolved in a
mixed solvent containing dimethylacetamide/tripropylene
glycol in a weight ratio of 8/2 at a concentration of 3.5 wt %
to prepare a coating liquid. Equal amounts of the coating
liquid were applied respectively to both sides of a polyethyl-
ene microporous membrane (TN0901, manufactured by SK)
having a thickness of 9 um, a Gurley value of 160 sec/100 cc,
and a porosity of 43%, followed by immersion in a coagula-
tion liquid (10° C.) containing water/dimethylacetamide/
tripropylene glycol in a weight ratio of 57/30/13 to cause
solidification. Otherwise, in the same manner as in Example
1, a separator for a nonaqueous secondary battery according
to the invention was obtained.

Comparative Example 1

A separator for a nonaqueous secondary battery was
obtained in the same manner as in Example 1, except that the
temperature of the coagulation liquid was 60° C.

Comparative Example 2

A polyvinylidene-fluoride-based resin having a copoly-
merization composition of vinylidene fluoride/hexafluoro-
propylene/chlorotrifluoroethylene in a weight ratio of 92.0/
4.5/3.5 was produced by emulsion polymerization. The
weight average molecular weight of the polyvinylidene-fluo-
ride-based resin was 410,000. The polyvinylidene fluoride
was dissolved in a mixed solvent containing dimethylaceta-
mide/tripropylene glycol in a weight ratio of 60/40 at a con-
centration of 12 wt % to prepare a coating liquid. Equal
amounts of the coating liquid were applied respectively to
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both sides of a polyethylene microporous membrane
(TN0901, manufactured by SK) having a thickness of 9 um, a
Gurley value of 160 sec/100 cc, and a porosity of 43%,
followed by immersion in a coagulation liquid (40° C.) con-
taining water/dimethylacetamide/tripropylene glycol in a
weight ratio of 50/30/20 to cause solidification. The
microporous membrane was then washed with water, fol-
lowed by drying to give a separator for a nonaqueous second-
ary battery having an adhesive porous layer made of a poly-
vinylidene-fluoride-based resin on the polyolefin-based
microporous membrane.

Comparative Example 3

Equal amounts of a 3 mass % dimethy] carbonate solution
of a vinylidene fluoride/hexafluoropropylene copolymer
(#8500, manufactured by Kureha Kagaku Kogyo) were
applied respectively to both sides of a polyethylene
microporous membrane (TN0901, manufactured by SK) hav-
ing a thickness of' 9 um, a Gurley value of 160 sec/100 cc, and
a porosity of 43%, and dried. However, the resulting coating
was a dense membrane, and a separator for a nonaqueous
secondary battery having an adhesive porous layer was not
obtained. Incidentally, the Gurley value of the composite
membrane was measured. The result was not less than 2,000
sec/100 cc, indicating significantly poor permeability.
[Production of Nonaqueous Secondary Battery]|
(Production of Negative Electrode)

300 g of artificial graphite (MCMB25-28, manufactured
by Osaka Gas Chemicals) as a negative electrode active mate-
rial, 7.5 g of “BM-400B” manufactured by Zeon (a water-
soluble dispersion containing a modification product of a
styrene-butadiene copolymer in an amount of 40 wt %) as a
binder, 3 g of carboxymethylcellulose as a thickener, and an
appropriate amount of water were stirred in a double-arm
mixer to prepare a slurry for a negative electrode. The slurry
for a negative electrode was applied to a copper foil having a
thickness of 10 um as a negative electrode current collector,
and the resulting coating was dried, followed by pressing to
prepare a negative electrode having a negative electrode
active material layer.

(Production of Positive Electrode)

89.5 g of a powder of lithium cobalt oxide (CELLSEED C,
manufactured by Nippon Chemical Industrial) as a positive
electrode active material, 4.5 g of acetylene black (DENKA
BLACK, manufactured by Denki Kagaku Kogyo) as a con-
ductive additive, and 6.0 g of polyvinylidene fluoride (KF
polymer W#1100, manufactured by Kureha Kagaku Kogyo)
as a binder were dissolved in NMP, and the resulting solution
was stirred in a double-arm mixer in such a manner that the
polyvinylidene fluoride was in an amount of 6 wt %, thereby
preparing a slurry for a positive electrode. The slurry for a
positive electrode was applied to an aluminum foil having a
thickness of 20 um as a positive electrode current collector,
and the resulting coating was dried, followed by pressing to
prepare a positive electrode having a positive electrode active
material layer.

(Production of Battery)

A lead tab was welded to the positive electrode and the
negative electrode. The positive and negative electrodes were
then joined together via a separator, impregnated with an
electrolyte, and enclosed in an aluminum pack using a
vacuum sealer. Here, 1 M LiPF, ethylene carbonate/ethyl
methyl carbonate (weight ratio: 3/7) was used as the electro-
lyte. The aluminum pack was then heat-pressed in a heat press
at 90° C. for 2 minutes while applying a load of 20 kg per cm>
of electrode, thereby producing a test battery.
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[Load Characteristic Test]

The load characteristic test was performed using nonaque-
ous secondary batteries produced as above. The relative dis-
charge capacity at 2 C with respect to the discharge capacity
at 0.2 C was measured at 25° C. and used as an index of the
load characteristics of a battery. The test was performed on
batteries using the separators of Examples 1 to 8, Example 10,
and Comparative Examples 1 and 2, respectively. The results
are shown in Table 2.

[Charge-Discharge Cycle Test]

The charge-discharge cycle test was performed using non-
aqueous secondary batteries produced as above. The charge
condition was constant-current constant-voltage chargeat 1 C
and 4.2V, while the discharge condition was constant-current
dischargeat 1 Ct02.75V cut-off, and the cycle characteristics
were thus tested. Here, capacity retention after 100 cycles was
used as an index of cycle characteristics. The test was per-
formed on batteries using the separators of Examples 1 to 8,
Example 10, and Comparative Examples 1 and 2, respec-
tively. The results are shown in Table 2.

[Check for Adhesion to Electrodes]

The batteries after the charge-discharge cycle test were
each disassembled and checked for the adhesion between the
separator and the electrodes. The adhesion was examined in
terms of adhesion strength and uniformity. The results are
shown in Table 2. Incidentally, in Table 2, adhesion strength
on each of the positive-electrode side and the negative-elec-
trode side is shown as a relative value taking the peel strength
in the case of using the separator of Example 1 as 100. With
respect to uniformity, after a peel test was performed on each
of' the positive-electrode side and the negative-electrode side,
when almost the entire adhesive porous layer remained
attached to the electrode surface, uniformity was rated as
good (A); when most of the adhesive porous layer remained
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attached to the electrode surface, but the layer was partially
broken, uniformity was rated as fair (B); and when most of the
adhesive porous layer did not remain attached to the electrode
surface, and the layer was significantly broken, uniformity
was rated as poor (C).

[Heat Resistance Evaluation]

The heat resistance of the separator of Example 1 and that
of the separator of Example 9 were compared by thermal
mechanical analysis (TMA). Specifically, each separator was
cut to a width of 4 mm, and both ends thereof were held in
chucks and set to a chuck-to-chuck distance of 10 mm. Under
an applied load of 10 mN, the temperature was raised at a
temperature rise rate of 10° C./min, and the temperature at
which the separator broke was measured. It was found that the
separator of Example 1 broke at 155° C., while the separator
of Example 9 broke at 180° C. This shows that the use of
polypropylene is preferable in terms of heat resistance.
[Kind of Electrolyte and Adhesion]

The separators of Example 1 and Comparative Examples 1
and 2 were tested for adhesion to electrodes in the same
manner as above using various electrolytes. Incidentally, 1 M
LiPF, ethylene carbonate/ethyl methyl carbonate (weight
ratio: 3/7) was used as an electrolyte A, 1 M LiPF, ethylene
carbonate/propylene carbonate/ethyl methyl carbonate
(weight ratio: 3/2/5) was used as an electrolyte B, and 1 M
LiPF ethylene carbonate/propylene carbonate (weight ratio:
1/1) was used as an electrolyte C. Table 3 shows the results.
Incidentally, in Table 3, in terms of the average of the peel
strengths on the positive electrode and the negative electrode
expressed as relative values with respect to the peel strengths
of the separator of Example 1 obtained on the positive elec-
trode and the negative electrode, respectively, each taken as
100, an average of 70 or more is shown as Good, an average
of'50 or more and less than 70 is shown as Fair, and an average
of less than 50 is shown as Poor.

TABLE 1

Crystal Size of

Weight of PVdF-Based Resin (g/m?)

PVdF-Based Weight Difference
Resin Thickness per Unit Porosity between Front  Gurley Value
(nm) (um) (g/m?) (%) Total Front Back and Back (sec/100 cc)
Example 1 74 12 7.7 42 2.2 1.1 1.1 0% 248
Example 2 12.1 12 7.7 42 2.2 1.1 1.1 0% 235
Example 3 74 11 6.3 41 08 04 04 0% 218
Example 4 7.3 11 6.7 41 12 06 06 0% 226
Example 5 7.5 13 8.3 44 2.8 14 1.4 0% 273
Example 6 7.2 14 8.7 44 3.2 1.6 1.6 0% 289
Example 7 74 12 7.7 42 2.2 1.3 0.9 18% 246
Example 8 7.3 12 7.7 42 2.2 1.6 06 45% 250
Example 9 7.5 14 9.6 35 2.0 1.0 1.0 0% 510
Example 10 3.1 13 7.7 50 2.2 1.1 1.1 0% 340
Comparative 15.8 15 7.7 52 2.2 1.1 1.1 0% 205
Example 1
Comparative 16.9 14 7.5 50 2.0 1.0 1.0 0% 211
Example 2
TABLE 2
Check for Adhesion to Electrodes
Results of Load Results of Positive Electrode Negative Electrode
Characteristic ~ Charge-Discharge Adhesion Adhesion
Test Cycle Test Strength ~ Uniformity  Strength  Uniformity

Example 1 95% 97% 100 A 100 A

Example 2 95% 96% 100 A 99 A

Example 3 95% 92% 85 A 72 A

Example 4 95% 95% 95 A 85 A
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TABLE 2-continued

18

Check for Adhesion to Electrodes

Results of Load Results of

Positive Electrode

Negative Electrode

Characteristic ~ Charge-Discharge Adhesion Adhesion
Test Cycle Test Strength ~ Uniformity  Strength  Uniformity
Example 5 93% 97% 103 A 113 A
Example 6 90% 96% 105 A 120 A
Example 7 94% 90% 104 A 90 A
Example 8 93% 79% 104 B 82 B
Example 10 85% 85% 98 A 95 A
Comparative Example 1 70% 63% 18 C 10 C
Comparative Example 2 68% 60% 15 C 5 C
15
TABLE 3 the weight of the adhesive porous layer on the other side
is 0 to 20% of the total weight.
Adhesion 2. The separator for a nonaqueous secondary battery
Electrolyte A Electrolyte B Electrolyte C 20 according to claim 1, characterized in that the weight of the
adhesive porous layer formed on one side of the porous sub-
Example 1 Good Good Good strate is 0.5 g/m? or more and 1.5 g/m? or less.
Comparative Example 1~ Poor Fair Good
Comparative Example 2 Poor Fair Good 3. The separator for a nonaqueous secondary battery

INDUSTRIAL APPLICABILITY

The nonaqueous secondary battery separator of the inven-
tionis suitable for use in a nonaqueous secondary battery. The
separator is particularly suitable for use in a nonaqueous
secondary battery having an aluminum laminate outer casing,
where joining to electrodes is important.

The invention claimed is:

1. A separator for a nonaqueous secondary battery, com-
prising a porous substrate and an adhesive porous layer that is
formed on both front and back sides of the porous substrate
and contains a polyvinylidene-fluoride-based resin,

the separator for a nonaqueous secondary battery being

characterized in that the adhesive porous layer has a
crystal size of 1 nm or more and 13 nm or less,
wherein the total weight of the adhesive porous layers
formed on both sides of the porous substrate is 1.0 g/m>
ormore and 3.0 g/m? or less, and the difference between
the weight of the adhesive porous layer on one side and
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according to claim 1, characterized in that the value obtained
by subtracting the Gurley value of the porous substrate from
the Gurley value of the separator for a nonaqueous secondary
battery with the adhesive porous layer formed thereon is 0 to
300 sec/100 cc.

4. The separator for a nonaqueous secondary battery
according to claim 1, characterized in that the porous sub-
strate is a polyolefin microporous membrane containing poly-
ethylene.

5. The separator for a nonaqueous secondary battery
according to claim 1, characterized in that the porous sub-
strate is a polyolefin microporous membrane containing poly-
ethylene and polypropylene.

6. The separator for a nonaqueous secondary battery
according to claim 5, characterized in that the polyolefin
microporous membrane includes at least two layers with one
of'the two layers containing polyethylene and the other layer
containing polypropylene.

7. A nonaqueous secondary battery comprising the sepa-
rator according to claim 1.
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